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COMBINED EFFECTS OF BAG HOLDING
AND OBSTACLE AVOIDANCE ON GAIT
CHARACTERISTICS: A KINEMATIC STUDY IN
HEALTHY YOUNG ADULTS
Shinichi Demura1 and Masanobu Uchiyama2
Objective: This study examined the influence of holding a bag with one hand on a walkway with an
obstacle on gait characteristics. 
Methods: Ten healthy male students walked 5 m on obstructed and unobstructed walkways while hold-
ing loads corresponding to 0%, 10% and 20% of their body weights. General gait parameters (gait
velocity, step length, etc.), the toe-obstacle clearance and the minimum toe clearance, the hip, knee and
ankle joint angles of both limbs, and take-off and landing distances were analysed.
Results: With heavier loads, the step length, velocity and landing distance decreased, and flexion
angles of the knee and ankle of the support limb increased on both walkways. Clearances were main-
tained constantly by flexion of the ankle joint in unobstructed trials and by flexion of the hip joint in
obstructed trials. 
Conclusion: Even in healthy adults, gait properties remarkably change owing to holding loads that
equal to 10–20% of body weight on obstructed and unobstructed walkways. Clearance between toe and
an obstacle/floor are maintained by using different strategies.
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Introduction
Human gait patterns change with age; for example, there is 
a decrease in gait velocity and step length due to decreased
hip and ankle range of motion, and an increase in double-
support phase and step width and forward-bent posture
(Murray, Drought, & Kory, 1964; Nishijima, Kato, Nakagawa,
Yoshizawa, & Miyashita, 2005; Yoshizawa, Nakata, Kumamoto,
& Okamoto, 1989). Furthermore, ataxia of the legs because of
paralysis due to cerebral vascular disease sometimes induces
a shift in posture during walking. Because of these internal
factors, falls easily occur among the elderly when compared
with young adults. Falls lead to serious injuries (Nevitt,
Cummings, & Hudes, 1991) and a fear of falling will further
reduce the independency in activities of daily living (ADL)
(Berg, 1989). Thus, many studies on the risk factors of falling
in the elderly have been performed.
The causes of falls are not always due to internal or 
personal factors. Environmental, i.e. external, factors may con-
tribute to falls, and older people who are inherently prone to
fall would be exposed to further fall risks. External factors
include holding a bag while walking and walkway conditions.
ORIGINAL ARTICLE
EFFECT OF BAG HOLDING ON GAIT
Iiboshi (1998) reported that 31.3% of falls in the elderly
occurred while walking and carrying a bag, and 35.7% of
these falls occurred while the bag was held with one hand at
the side of the body. People often hold a bag with one hand
(Shimada & Uchiyama, 1999). Therefore, it is important to
examine the effect of holding a bag with one hand to deter-
mine if it contributes to falls.
Pavol, Owings, Foley, and Grabiner (1999) reported that
53% of falls occur because of tripping. In particular, tripping
occurs most frequently during obstacle negotiation (Overstall,
Exton-Smith, Imms, & Johnson, 1977). While stepping over
an obstacle, the elderly have a wide sway of their upper body,
but a short step length, i.e. a small base of support (Lowrey,
Reed, & Vallis, 2007). This imbalanced motion may induce
falling in the elderly. Furthermore, Chujo, Otake, Watanabe,
and Uchiyama (2004) reported that although stumbling has
many possible causes, one of the reasons is a decreased toe-
obstacle clearance (TC). Chiba, Ebihara, Tomita, Sasaki, and
Butler (2005) also reported that the clearance is smaller in
fallers than in non-fallers among community-dwelling elderly
subjects.
The environmental factors of obstacle avoidance and bag
holding frequently occur simultaneously. During the motion
of stepping over an obstacle, the toe height would need to be
higher than that of a normal gait on level ground. By holding
a bag with one hand, destabilization of the centre of mass may
occur. Both the elderly and healthy young adults may face a
serious imbalance in posture while walking because of these
two factors. However, the influence of the combined factors of
holding loads and obstruction on gait has not been examined in
detail. Therefore, the relationship between toe clearance during
obstacle negotiation while holding a load is unknown.
Walking several times on an obstructed walkway while
holding a heavy load in one hand creates a large burden on the
elderly. Considering the safety of participants and ethical issues,
this study aimed to examine the influence of holding a load with
one hand and the presence or absence of an obstacle on the
walkway on gait characteristics in healthy young adults.
Methods
Subjects
Ten healthy young male adults without extremity disorders with
a mean age of 22.2 years (SD = 1.1), mean height of 172.6 cm
(SD = 3.5) and mean body weight of 67.3 kg (SD = 5.1) partic-
ipated in this study. Their physical characteristics were almost
the same as the age-matched national standard values (Tokyo
Metropolitan University, 2000). Prior to the measurements, the
purpose and procedures of this study were explained in detail
to all subjects, and written informed consent was obtained. This
experimental protocol was approved by our ethics committee
(Kanazawa University Health and Science Ethics Committee).
Experiment
In this study, the combined factor of two walkway conditions
and three load weight conditions was selected. Participants
walked down a 5 m long walkway at a self-selected comfort-
able pace. There were both unobstructed and obstructed trials.
In obstructed trials, one obstacle was placed 2.5 m from the
starting position (a box measuring 5 cm high, 10 cm thick and
50 cm wide). The unobstructed trials were used as control tri-
als to represent normal level walking. Three different load
conditions were used: 0% (no load), 10%, and 20% of body
weight in the dominant hand while walking. All participants
were judged to be right-handed by the Edinburgh handedness
inventory (Oldfield, 1971).
Before the experimental procedure was started, the phy-
siques of the participants were measured. The trial order of
each experimental condition was assigned to each participant
randomly. All experimental conditions were measured twice
with sufficient rest between measurements.
Measurements
Gait characteristics, e.g. gait velocity and step length, were
recorded using the WalkWay MG-1000 (100 Hz; Anima Inc.,
Tokyo, Japan), which is a walkway (100 × 500 cm active area)
containing many small sensors (1 cm2) that measure spatial
temporal gait parameters of a participant when the participant
walks on it.
Three-dimensional (3D) kinematic data were collected using
a six-camera 3D motion analysis system MA-2000X (60 Hz;
Anima Inc.). Sixteen spherical reflective markers (2.5 cm in
diameter) were used to define different segments of trunk and
limbs. They were bilaterally placed on anatomically well-
defined points of the upper and the lower limbs (acromion,
cubitus, carpus, iliac crest, great trochanter, knee joint, ankle
joint, and on the metatarsal-toe joints). The 3D trajectories in
the frontal, sagittal and axial planes were recorded by the six
cameras, which were placed surrounding a 5-m long and 1-m
wide walkway in fixed positions in the examination room.
Parameters
From the data obtained by the gait analysis system MG-1000,
the following general gait parameters were calculated (Figure 1):
step length (in centimetres; the horizontal distance from heel
contact from one foot fall to the next heel contact of the oppo-
site foot), step angle (in degrees), toe angle (in degrees), gait
velocity (in centimetres per second) and cadence (in steps per
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minute). The mean values of the angles of both limbs were
taken as the step angle and toe angle. To calculate gait motion
parameters using 3D kinematic data, we defined each leg as
the lead limb and trail limb (Figure 2). In the obstructed trials,
the lead limb refers to the limb clearing the obstacle first 
and the trail limb refers to the limb clearing the obstacle sec-
ond. In the unobstructed control trials, participants’ right and
left legs were defined as the lead and trail limbs, respectively.
In obstructed trials, take-off distance, vertical TC, and landing
distance of the lead limb and trail limb were obtained as illus-
trated in Figure 3. The flexion/extension angles of the hip,
knee and ankle joints at the TC of the lead and trail limbs were
also calculated.
To compare these parameters between the obstructed and
the control unobstructed trials, we also calculated the mini-
mum toe clearance (MTC) and the flexion/extension angles of
the hip, knee and ankle joints in the unobstructed trials. The
MTC was defined as the minimum height (z-coordinate axis)
of the toe marker (fifth metatarsal-toe joints) relative to its
value during the stance phase (Chiba et al., 2005). Falls are
known to most likely occur at the time of minimum toe clear-
ance during level walking (Mills, Barrett, & Morrison, 2008).
In this study, the comparison between both obstructed and
unobstructed trials was carried out after confirming that the
TC in the obstructed trials and the MTC in the unobstructed
trials occurred virtually simultaneously in our pilot study.
Angles of each joint were calculated as follows: for the
kinematic data of the hip joint, the angle between an extended
line joining the iliac crest and the great trochanter, which is a
basic line, and a line joining the great trochanter and the knee
joint were measured. The hip joint angle becomes zero when
the former extended line and the latter line overlap, becomes
positive when the hip joint flexes, and becomes negative when
the hip joint is extended. For the kinematic data of the knee
joint, the angle between an extended line joining the great
trochanter and the knee joint, which is a basic line, and a line
joining the knee and the ankle joints were measured. The knee
angle becomes zero when the former extended line and the lat-
ter line overlap, becomes positive when the knee joint flexes,
and becomes negative when the knee joint is extended. For the
kinematic data of the ankle joint, the angle between an extended
line joining the knee and the ankle joints, which is a basic line,
and a line joining the ankle and the fifth metatarsal-toe joints
were measured. The ankle joint angle becomes zero when the
former extended line and the latter line overlap, becomes pos-
itive when the hip joint dorsiflexes, and becomes negative when
the hip joint plantarflexes.
Statistical Analysis
The intraclass correlation coefficient (ICC) (1, 1) was calcu-
lated to determine the test–retest reliability. Two-way analysis
of variance (ANOVA) (walkway × load weight) with repeated
measures was conducted for each gait parameter. For each
parameter of horizontal distances between an obstacle and the
foot, a one-way ANOVA (load weight factor) with repeated
measures was used. Tukey’s honestly significant difference
(HSD) test was used for a multiple comparison test if ANOVA
Step angle
Toe angle
Step length
Figure 1. Gait parameters.
An obstacle x-axis
y-axis
z-axis
Lead limb
Trail limb
Direction of progression
1 2 3
Figure 2. Lead limb and trail limb during stepping over an
obstacle.
b
a c
Figure 3. Schematic diagram illustrating the calculation of the
take-off distance, the toe-obstacle clearance and the landing dis-
tance. a = anterior–posterior take-off distance prior to obstacle
crossing (toe to leading edge of the obstacle in the direction of
progression); b = toe-obstacle clearance distance (toe to leading
edge of the obstacle in the vertical direction); c=anterior–posterior
landing distance after obstacle crossing (heel to back surface of
the obstacle in the direction of progression).
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indicated a significant difference. The level of significance in
this study was set at p < .05.
Results
Test–retest Reliability of Parameters
Prior to examining the influence of load holding and obstacle
negotiation on gait, almost all parameters used in this study
were confirmed to show high (ICC ≥ .7) test–retest reliabilities
(ICC = .4–.99) (Tables 1–3).
Difference in General Gait Parameters Between
Experimental Conditions
Table 1 shows the results of two-way ANOVA (walkway× load
weight) and multiple comparison tests of each general gait
parameter. Gait velocity was significantly faster in the no-load
(0% load) and/or 10% load condition than in the 20% load
condition regardless of the presence or absence of an obstacle
(main effect of load weight, F2,18 = 12.38, p < .05). Cadence
was significantly larger under the no-load condition than in
the 10% and 20% load conditions in obstructed trials (main
effect of walkway, F1,9 = 12.18, p < .05; main effect of load
weight, F2,18 = 6.22, p < .05). Step length was significantly
longer in the no-load and 10% load conditions than in the
20% load condition regardless of the presence or absence of
an obstacle (main effect of load weight, F2,18 = 20.16, p < .05).
None of the experimental factors affected step and toe angles.
Difference Between Experimental Conditions in
Parameters for Clearance and Joint Angles 
Table 2 shows the results of two-way ANOVA (walkway ×
load weight) and multiple comparison tests of TC and each
joint angle of the lead and trail limbs at the TC, and MTC and
each joint angle of both limbs at the MTC. The knee joint
angle of the trail limb, i.e. the limb for supporting the whole
body during walking, flexed significantly more in the heavier
load weight condition (20% body weight) compared with the
lighter load weight condition, regardless of the presence or
absence of an obstacle on a walkway (main effect of load
weight, F2,18 = 20.45, p < .05). At the same time, the ankle joint
also dorsiflexed significantly more in the heavier load weight
condition than in the lighter condition (walkway × load weight
interaction, F2,18 = 4.93, p < .05). Briefly, we observed that par-
ticipants tended to squat slightly because of load holding. In
contrast, both clearance parameters (TC and MTC) were not
influenced by load holding. In obstructed trials, although all
Table 1. Differences of gait parameters between each experimental condition (n = 10)
Unobstructed Obstructed Two-way ANOVA
0% 10% 20% 0% 10% 20% F p
Post hoc HSD
Gait velocity (cm/s)
Mean 117.02 111.70 107.49 118.21 112.44 106.32 A 0.02 .89
SD 7.96 9.36 7.98 6.50 8.65 12.68 B 12.38 < .001 0% > 10%, 20%
ICC .97 .98 .97 .94 .97 .99 I 0.43 .66
Cadence (steps/min)
Mean 106.86 105.56 105.43 107.38 103.12 102.40 A 12.18 .01 Obstacle: 0% > 10%, 20%
SD 7.59 8.30 5.87 8.03 7.36 7.12 B 6.22 .01
ICC > .99 .99 .99 .99 .99 > .99 I 2.87 .08
Step length (cm)
Mean 65.71 63.59 60.98 66.56 65.84 62.07 A 1.35 .28
SD 2.18 3.09 3.07 5.02 4.62 6.64 B 20.16 < .001 0% > 10%, 20%
ICC .94 .98 .98 .99 .99 .98 I 0.78 .47
Step angle (°)
Mean 6.58 6.27 6.70 7.31 7.32 7.59 A 4.98 .05
SD 1.81 2.09 2.31 1.93 2.06 2.31 B 0.39 .69
ICC .96 .92 .96 .96 .96 .78 I 0.13 .88
Toe angle (°)
Mean 2.66 2.40 2.49 2.83 2.69 2.90 A 0.13 .72
SD 3.64 3.99 4.13 5.08 5.69 3.78 B 0.03 .97
ICC .95 .99 .95 .97 .99 .98 I 0.01 .99
ANOVA = analysis of variance; HSD = honestly significant difference; 0% = without load; 10% = holding a load corresponding to 10% of body
weight; 20% = holding a load corresponding to 20% of body weight; A = walkway condition; SD = standard deviation; B = load weight condition;
ICC = intraclass correlation coefficient; I = interaction; obstacle = walking on a walkway with an obstacle.
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joint angles did not significantly change among load weight
conditions, the hip joint angle showed a tendency to increase
noticeably, though not significantly, when holding a heavier load.
The hip (main effect of walkway, F1,9 =26.69, p< .05) and knee
(main effect of walkway, F1,9 =48.06, p< .05) joints had a signif-
icantly larger flexion angle than that in unobstructed trials. In
unobstructed trials, the hip (main effect of load weight, F2,18 =
3.69, p < .05) and ankle (walkway × load weight interaction,
Table 2. Clearance and each joint angle of the lead and trail limbs (n = 10)
Unobstructed Obstructed Two-way ANOVA
Post hoc HSD
0% 10% 20% 0% 10% 20% F p
Lead limb
Clearance
Mean 3.04 3.09 3.25 8.74 8.33 8.57 A 85.40 < .001 No obstacle <
obstacle
SD 0.82 0.65 0.75 1.81 1.85 1.89 B 0.76 .48
ICC .73 .86 .78 .40 .74 .80 I 0.59 .56
Hip joint
angle (sagittal)
Mean 22.88 26.88 23.00 33.73 38.29 38.42 A 26.69 < .001 No obstacle <
obstacle
SD 7.48 9.77 9.43 6.65 9.78 9.68 B 3.69 .05 0% < 10%
ICC .81 .94 .79 .73 .92 .92 I 0.93 .41
Knee joint 
angle (sagittal)
Mean 30.84 30.62 31.42 58.49 56.72 58.83 A 48.06 < .001 No obstacle <
obstacle
SD 7.95 7.93 7.02 11.08 11.04 11.93 B 0.31 .74
ICC .76 .86 .66 .89 .74 .90 I 0.24 .79
Ankle joint 
angle (sagittal)
Mean –9.68 –6.26 –3.91 –4.20 –5.56 –5.81 A 0.64 .44
SD 9.93 9.22 7.73 9.61 11.41 11.85 B 2.00 .16
ICC .65 .93 .91 .85 .90 .90 I 7.55 < .001 No obstacle: 0%: no obstacle <
0% < 20% obstacle
Trail limb
Hip joint 
angle (sagittal)
Mean 9.79 11.87 10.88 8.81 8.15 9.24 A 1.13 .32
SD 11.49 12.20 12.26 11.04 9.55 8.93 B 0.26 .78
ICC .94 .99 .95 .88 .97 .91 I 0.59 .56
Knee joint 
angle (sagittal)
Mean 7.71 10.48 11.35 6.81 6.93 10.64 A 1.10 .32
SD 5.26 5.61 6.30 4.69 5.37 4.62 B 20.45 < .001 0%, 10% < 20%
ICC .85 .90 .89 .76 .86 .76 I 3.32 .06
Ankle joint 
angle (sagittal)
Mean –2.53 1.97 2.98 –3.00 –3.12 0.48 A 1.29 .29
SD 9.96 8.54 9.42 10.34 9.80 6.98 B 7.06 .01 No obstacle: 
0% < 10%, 20%
ICC .97 .95 .97 .93 .90 .83 I 4.93 .02 Obstacle: 10%: no obstacle >
0%, 10% < 20% obstacle
ANOVA = analysis of variance; HSD = honestly significant difference; 0% = without load; 10% = holding a load corresponding to 10% of 
body weight; 20% = holding a load corresponding to 20% of body weight; A = walkway condition; no obstacle = walking on a level walkway;
obstacle = walking on a walkway with an obstacle; SD = standard deviation; B = load weight condition; ICC = intraclass correlation coefficient;
I = interaction.
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F2,18 = 3.69, p < .05) joint angles significantly increased by
load holding but the knee joint angle did not change.
Difference of Take-off and Landing Distances
Between Experimental Conditions
Table 3 shows the test results of parameters for horizontal dis-
tances between an obstacle and participants’ foot measured
only in obstructed trials. No significant difference was found
in take-off distance among load weight conditions. In contrast,
landing distances were significantly shorter when holding 
a load equal to 10% or 20% of body weight compared with
when not holding a load (main effect of load weight, F2,18 =
18.44, p < .05).
Discussion
In daily life, humans frequently walk on an obstructed walk-
way or walk while holding a bag. These individual environ-
mental factors of an obstructed walkway (Overstall et al., 1977;
Pavol et al., 1999; Tinetti & Speechley, 1989) and load holding
(Iiboshi, 1998; Lach et al., 1991; Nachreiner, Findorff, M. J.,
Wyman, J. F., & McCarthy, 2007) have been reported to boost
the incidence of falling during walking. However, there are no
studies that have examined the influence of both these factors
on gait motion. This study analysed the gait motion of young
adults walking on obstructed and unobstructed walkways under
several load weight conditions. We showed that gait velocity
and cadence were decreased and step length was shortened
with an increase in load weight regardless of the presence or
absence of an obstacle on the walkway. Meanwhile, TC and
MTC were unchanged by holding a load. 
Gait velocity, step length and cadence were significantly
decreased when holding a heavy load, equal to 20% of body
weight, regardless of the presence or absence of an obstacle on
the walkway. Gait velocity is defined by step length or cadence,
suggesting that step length and cadence are decreased by load
holding first, which results in a slowed gait velocity. During
the push-off phase of the gait cycle, humans support the weight
of the whole body on their forefoot by rotating the hip joint
and extending the knee joint while swinging their lead limb
(Dubo et al., 1976; Gotz-Neumann, 2005). It is suggested that
gait velocity, step length and cadence are decreased because
of the relative burden on the lower limb skeletal muscles
recruited during the push-off phase being increased by hold-
ing a heavy load. In our study, phenomena related to this were
observed at the heel strike of a lead limb after crossing an
obstacle. Therefore, landing distance was shortened by hold-
ing a load (Table 3). Given these results during obstacle nego-
tiation, people may need to pay attention at the heel strike, 
in addition to when crossing just above the obstacle. Chen,
Ashton-Miller, Alexander, and Schultz (1991) studied obsta-
cle negotiation similar to this study, and reported that elderly
persons with a shortened step length caused by ageing failed
to step over a short obstacle.
An interesting finding in this study was that the two param-
eters for clearance (TC and MTC) were not influenced by load
holding (Table 2). This finding can be explained by our results
for various joint angles determined with clearance parameters
at the same point in time. First, in the trail limb (i.e. the sup-
port limb), the knee joint was more flexed and the ankle joint
was more dorsiflexed when holding a heavy load (equal to
20% or 10% of body weight) compared with no load, regard-
less of the presence or absence of an obstacle. Therefore, we
speculated that the flexion of each joint of the trail limb in a
slightly squatting position occurred, because the burden on the
trail limb increased owing to the heavy load. The reason why
the clearances of the lead limb did not decrease while the trail
limb slightly squatted can be explained from the test results
Table 3. Toe-off and landing distances in each load weight condition (n = 10)
Load weight condition One-way ANOVA
0% 10% 20% F p
Post hoc HSD
Take-off distance
Mean 19.59 22.96 22.26 2.44 0.12
SD 9.06 8.23 10.79
ICC .72 .67 .90
Landing distance
Mean 38.93 33.20 33.93 18.44 < .001 0% > 10%, 20%
SD 3.83 3.27 4.12
ICC .55 .50 .71
ANOVA = analysis of variance; HSD = honestly significant difference; 0% = without load; 10% = holding a load corresponding to 10% of body
weight; 20% = holding a load corresponding to 20% of body weight; SD = standard deviation; ICC = intraclass correlation coefficient.
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for each joint angle of the lead limb. In the heavier load weight
condition, we observed that the ankle joint of the lead limb
was more dorsiflexed (unobstructed condition) and the hip
joint of the lead limb was more flexed (obstructed condition).
The clearances may be kept constant by these two strategies
used in the lead limb.
Furthermore, in this study, clearance of the lead limb was
larger in obstructed trials than in unobstructed trials without
variation among load weight conditions (clearance in unob-
structed trials, 3.04–3.25 cm; clearance in obstructed trials,
8.33–8.74 cm). Even young adults swing their lead limb to en-
sure sufficient toe height, although they lose efficiency. How-
ever, these clearances in both walkway conditions were slightly
larger than values reported in previous studies. Mills et al.
(2008) reported that the MTC on a level walkway of adults is
approximately 1.5 cm and Chujo et al. (2004) reported approx-
imately 3.5 cm. Another study found that MTC was approxi-
mately 1.2–1.5 cm in the elderly (Chiba et al., 2005). Other
studies have found that MTC was approximately 1.8 cm (Lu,
Chen, & Wang, 2007) or 1.0 cm (Berard & Vallis, 2006) on an
obstructed walkway. The differences in clearance between this
study and previous studies may be attributed to a unique factor
of load holding considered in this study and/or a difference in
the position of markers used to define the clearance measure-
ment (the tip of the toe was used in previous studies and the fifth
metatarsal-toe joint was used in this study). However, we found
a larger clearance compared with the previous studies regardless
of load weight conditions in this study. Thus, we believe that the
methodological difference (i.e. marker position) was the main
factor. However, further research is required to determine this.
The results of this study cannot be generalized to other
populations, because young male adults were selected to ensure
their safety in the case of falls and for ethical issues. The results
suggested that a combined factor of holding a load correspond-
ing to 10% of body weight and an obstacle of 5 cm in height
induces changes in the gait pattern of young adults. However,
this conclusion may not directly apply to the elderly with
decreased physical function compared with young adults. Fall
accidents happen frequently among the elderly (Lach et al.,
1991) and their gait strategies differ from those of young adults
(Menz, Lord, & Fitzpatrick, 2003). To determine the mecha-
nism of fall accidents, further examination of the influence of
the combined factor of load weight and obstruction on gait
motion in the elderly will be required.
Conclusion
This study found that even in healthy adults, gait velocity, step
length, and the post obstacle distance between the heel and an
obstacle are decreased because of holding a load of 10–20%
of body weight. However, clearance of the lead limb, which 
is important for safe obstacle avoidance, does not change re-
gardless of the presence or absence of an obstacle and of load
weight. Although the support limb slightly squats because of
the load held, clearance of the lead limb is maintained by dor-
siflexion of the ankle joint in unobstructed trials or by flexion
of the hip joint in obstructed trials.
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